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ABSTRACT 
Designing and manufacturing detectors used for deepwater oil and gas exploration 
can be very challenging. Detectors used for this purpose; need to have great accuracy 
and reliability in detecting extremely low frequency EM signals (as low as I kHz). 
Often these Electromagnetic (EM) waves to be detected have a diminished capacity 
(poor signal to noise ratio/ SNR) due to the very long depth (more than 2500m) they 
travel beneath the seafloor to reach the potential hydrocarbon reservoirs. The purpose 
of this project is to design and develop a deepwater Electromagnetic sensor that can 
be used to detect these signals and filter out the unwanted noise at the same time. We 
use Electromagnetic (EM) waves because unlike other methods they can distinguish 
the potential hydrocarbon reservoirs due to their high resistivity value. This report 
shows in detail the design and development of a detector that implements the fluxgate 
technology. First we developed a single fluxgate and it was tested for sensitivity 
under a variety of frequencies. Then 5 more fluxgate units were fabricated and 
different configurations and orientations were tested. The final design which is a 
hexagon detector was fabricated based on the results obtained and sensitivity tests 
were performed on this design. The use of six fluxgates instead of only one improved 
the sensitivity by about 1000%. It was concluded that this new design was the best 
design as it is easy to implement, easy to manipulate and also cost effective. This 
design can be used for seabed logging as it proved to be sensitive at frequencies as 
low as I KHz. 
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1.1 Background of study 
Seabed logging is a new and fast growing innovative tool, used to detect 
remote hydrocarbon reservoirs. This method uses the Electromagnetic 
imaging technology to strategically map the resistivity of the geological strata 
beneath the sea floor. SBL is a fast growing technique in oil and gas 
exploration because it achieves 90- 95% accuracy. While the commonly used 
method, which uses seismic waves, can only achieve 20 - 30 % accuracy. [I] 
There are different kinds of detector technologies and the most trusted are 
SQUID and Fluxgate, with the former being the most sensitive. However our 
project shall use the latter as it shall be thoroughly discussed in our report. 
1.2 Problem statement 
Designing and manufacturing detectors used for deepwater oil and gas 
exploration can be very challenging. Although detectors used for this purpose 
are very powerful however based on a study done by A. G Nekut and Brian R. 
Spies, on "Petroleum Exploration Using Controlled Source Electromagnetic 
methods"; it is still a challenge to acquire signals because of the decay in 
signal strength due to the long distance travelled(>1500m ) beneath the 
seafloor. Much cost in deep probing is incurred from advanced signal 
processing done to receive much clearer signal which can be useful for the 
process. A detector that can receive low frequency signals(51 KHz) and 
immediately filter and amplify is required. 
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1.3 Solution 
" We have designed a new kind of an Electro Magnetic wave sensor using the 
fluxgate technology with the capability to detect EM signals as low as I kHz. 
" This new invention consists of six fluxgates in a hexagon orientation. This 
arrangement enhances the effectiveness of the receiver as it maximizes 
reception from different angles. 
" The implementation of six fluxgates in our new invention increases detection 
by over 1000% as compared to one fluxgate implementation. 
" This new detector can receive and immediately amplify and filter the signal to 
eliminate the need for filtering during signal processing. 
1.4 Objectives 
To utilize the PSpice tool in designing and simulating the optimum filter and 
amplifier suitable for our detector. 
To design a detector that can be used for seabed logging (at low frequencies as 
low as I kHz). 
;- To design a detector that can filter out the unwanted signals (noise) and 
amplify the signal before it can be sent for processing. 
r To implement the fluxgate technology in the design. 
1.5 Scope of study 
This project involves detailed research on the design and mechanism of deepwater 
EM sensors. Also, software design tool skills and knowledge is required (PSpice 
software was used for our design). In addition, knowledge of the material 




2.1 Seabed logging 
Since Michael Faraday, in the early 1800's, discovered that a changing flux 
induces an electromotive force; Electromagnetic theory has been increasingly 
gaining attention. Today, almost all our technology is based on this ingenious 
discovery. [2] 
In the year 2000 Statoil tested and succeeded the method for direct hydrocarbon 
detection in deep waters. Two years after that, the EMGS (Electro Magnetic 
GeoServices) was born and Seabed Logging was implemented. [3] 
Since then EMGS has conducted more than 250 surveys, and the technique has 
been widely accepted by several of the world's leading oil and gas companies 
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Figure 1 Seabed logging process 
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The basis for seabed logging is, the use a mobile EM signal source and an 
array of seafloor electric field receivers. The low frequency signal is reflected 
against the strata deep beneath the seafloor and it bounces back up at an angle 
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Figure 2 Wave propagation paths in a hydrocarbon reservoir 
SON 
p. 
This new technology has great potential as far as the future of deep water oil 
and gas exploration is concerned. It is very fast since it uses real time imaging. 
CSEM (controlled source electromagnetic) method is very reliable because it 
uses electromagnetic waves to acquire resistivity mapping for detection of 
hydrocarbons. The EM wave can penetrate into the rock as deep as 6000m. 
[4]- [10] 
However the accuracy of this technology relies majorly on the sensor network 
on the sea floor, and their ability to detect the reflected EM waves. Hence on 
this project we are focusing on the design and implementation of an EM wave 
sensor for suitable for the seabed logging process. 
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2.2 EM wave detectors 
There are different kinds of EM sensors but the most popular in the field of 
hydrocarbon detection are the fluxgate sensor and the squid sensor. The 
reason these two technologies are mostly applied in this field is because they 
are highly reliable and efficient in low-field-sensing applications. [8] 
2.2.1 SQUID (Superconducting Quantum Interference Device) 
This is the most sensitive low-field sensor in the industry. This technology 
was developed in 1962 based on the theory of Brian J. Josephson. As show in 
Appendix A, the SQUID magnetometer can detect extremely low fields from 
several femtoteslas, up to 9 teslas. [11] 
However, the Squid has one major disadvantage. It requires constant cooling 
to liquid helium temperature (4 Kelvin). This was ruled not feasible for our 
design requirements since such cooling can be highly expensive, and also 
requires specialized knowledge and skill. 
2.2.2 Induction coil detector 
Induction coil is the one of the commonly used methods of magnetic sensors 
[12]. This is a fairly easy technique with a straight forward operating 
principle. Compared with other kinds of detectors it is also easy to 
manufacture in a very short time and using a limited supply of equipments. 
The only material required is the winding wire. There are two types of design 
methods used to implement this kind of detector (i. e. air filled coil or 
ferromagnetic core coils). 
This sensor measures a voltage response proportional to the time rate of 
change of the magnetic field in the EM bandwidth. Comparison of measured 
voltage and magnetic-field data show that the two sets of profiles have quite 
different characteristics. The magnetic-field data is better for identifying, 




This is the 2nd most sensitive devise used for hydrocarbon exploration. This 
technology was developed in 1928 and it is most widely used because of its 
technical advantages. The fluxgate is highly sensitive as seen on appendix A, 
and it is also easy to apply as it does not require any cooling. It is simple and 
can be designed in the university lab. Therefore, in developing the sensor for 
our project we have chosen to use this technology. [13] 
Z. 2.4 Flurgate design schematic and theory 
As we can see from figure bellow, the fluxgate detector consists of the 
ferromagnetic core and copper windings. This make up the primary element of 
the detector. The most important of these aspects is the core. 
Sense Winding 
-4 ýV-11- /ýý-- -X "% I- 
tj ;vMý 2C: 1; 01-. Lr. 
1 ^. ýr 14 1"Aff 
r- 
ticl m1. M. %. . -T-F 
/ --°r r 
_r 
_1 -________________________ 
", 7s--ý-- ýc3 r 
Drive Winding 
Figure 3 Fluxgate detector schematic 
The windings around the core are called primary windings. Primary windings 
can also be called drive windings in this case, since they carry the drive 
current that brings about induction. 
The H represents the external field which is very important in this concept as 
it brings about the `sensing' in the coils. It is the external stimulus. 
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The windings that cover on top are secondary windings and we refer to them 
as sensor windings, since they will be detecting the disturbances caused by the 
incoming EM wave. 
The core utilizes a concept called, magnetic saturation. This process referrers 
to the grouping of atoms in the core to form magnetic arrays. Ferromagnetic 
materials have a good dipole moment, which is why we going to use these 
materials to design the core of our fluxgate detector. A good dipole moment 
means they can be polarized by induction to a very high degree, and even after 
the removal of the external field, they remain partially magnetized. [13]- [22] 
2.3 EM wave detection theory 
As we can see from the figure, the EM wave travels as a3 dimensional vector. 
It consists of the electric signal and the magnetic signal. This means that our 
fluxgate will be detecting only one axis of this signal, the magnetic vector 
axis. It is this component of the EM wave we are mostly concerned about in 
our sensor. This magnetic field will disturb the secondary induced B field as 
we explained above. It is this disturbance we shall base our findings. [2] 
Electric Voctor 
-ý MagrietI Vector 
Ak 
E1 c-1-- trorn --t 0 vatic Wave 
Figure 4 Electromagnetic wave components 
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2.4 Faraday law and Lenz's law 
This design uses two fundamental electromagnetic laws, the Faraday's law 
and Lenz's law. Faraday law states that, a changing magnetic flux in a coil 
(primary coil) will induce voltage on the secondary coil. 
Induced emf =-N d(3/dt [Faraday's law] 
The key to this, is that the flux must be changing continuously for induction to 
occur. Refer to the figure below. Lenz's law states that, an induced 
electromotive force generates a circuit that induces a counter magnetic field 
that opposes the magnetic field generating the current. 







Figure 5 Faraday law and Lenz law illustration 
This means that the B field induces current I in the clockwise direction. The 
current I in turn induce aB field in the onward direction, which opposes the 
original field that was initially going up. It is this opposition that we are 
concerned about in our fluxgate sensor. When the external EM signal comes 
into contact with the induced B field, it will cause a disturbance which will 
make a difference in the voltage being measured. This disturbance will be 





3.1 Procedure identification 























3.2 Tools and equipment required 
3.2.1 Tools 
Table I List of hardware and software used to construct a 11uxgate 
HARDWARE SOFTWARE: 
" Copper wires with " Pico Logger Recorder 
enamel lamination " PSpice 
" Ferromagnetic core 
" Function generator 
" Power supply 
" Oscilloscope 
" Data logger; PC 
" Transmitter 
" Anacom2 board 
" AC waveform generator 
- Goodwill INSTEK GFG- 
8250A 
20 Volt peak to peak 
Operating frequency of I to 5 
MHz 
" Oscilloscope 
- Tektronix TDS 3012B 
- 100 MHz 
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3.2.2 Filter and oscillator circuit simulations 
Objective: The aim for this simulation is to determine the filter and oscillator 
circuit most suitable for our fluxgate sensor design. PSpice tool is used for all 
simulations. 
Active filter: 
A device that separates, passes, or suppresses electronic signals from a 
mixture of signals. Most filters separate signals according to the signal 
frequency content. Frequency selective filters are divided into passive and 
active filters. On this report we have designed different kinds of active filters 
in order to observe their different responses when certain variables are 
changed. 
Table 2 Butterworth Band Pass Filter Simulation 
Variables 
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Table 3 Low Pass Filter Simulation 
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Table 4 High Pass Filter Simulation 
Variables Circuit Simulation Output 
R2 
^ [I OkS2 to a'". 
20 kQ R' 
ý.; vl.:. . 
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[2kSZ] °- o 
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Table 5 State variable Band Pass Filter Simulation 
25 
Table 6 Multiple Feed Back Band Pass Filter 
Variables Circuit Simulation Output 
R1 
[20ks2 to 
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Table 7 Oscillator Circuit Simulation 
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Figure 7 Design circuit with filter and oscillator implemented 
Table 8 The design circuit analysis 
I 
i 
iQ= (1/3)1R5/R6 + 11 Fc =1/ (211*R7*C2) BW =( fo/Q ) 
R5 = 100kS2 
Rr, = IM 
Q= 33.7 
R7 = 7.23kSZ Fa= 1 kHz 
Cz= 0.022µF Q= 33.7 
Fc= 1kHz BW= 30Hz 
R5 = 100kSZ R7= IM Fo= 17.23kHz 
R6 = 1kS2 C2= 0.022µF Q= 33.7 
Q=33.7 Fc=7.23kHz BW=215Hz 
From the circuit analysis on the table above we see that the quality factor of the 
circuit based on the filter performance is 33.7. This is highly acceptable since it is 
above 10 and the band width is 30 Hz. However when R7 is varied to about 7 kilo 
ohms as shown, the band width increases to 215HKz. For our design we prefer R7 at 
1 kilo ohm although the band width is narrow. 
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3.3 Toroidal equation derivation 
fc li. dl =NI [Ampere's law] 
¢ Ampere's law states that the line integral of H around a closed path is equal to the 
current traversing the surface bounded by that path. [2] 
Also that, if the direction of I is aligned with the direction of the thumb of the 
right hand, then the direction of the contour C should be chosen to be along the 
direction of the other 4 fingers. 
¢ According to the right hand rule associated with Ampere's law, the current is 
positive if it crosses the surface of the contour in the direction of the four fingers 
of the right hand, when the thumb is pointing along the direction of the contour C. 
"2s iIl. 
dl =I 
(0 11). 0)- cio 
c 
= 2irrH 
Therefore, H == NI (2n r) 
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3.4 Experiment #1: Determining the optimum turn ration using the data logger 
Objective: The aim for this experiment was to determine the optimum turn 
ration of the drive winding to the sensor winding. 
Figure 8 Toroidal core fluxgate 
A 20 turn (primary coil) toroid was prepared as shown on the figure above 
The secondary windings (sensor windings) were fixed at 5 turns for the entire 
experiment. 
The drive wings (primary windings) were varied from 10 to 60 wings with 
increments of 5. 
Figure 9 Monopole transmitter and a function generator 
A monopole transmitter was connected as seen on the figure above with 4 
magnetic feeders. 
The monopole transmitter was turned on to transmit at I kHz. 
A square wave was used for the experiment. 
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Figure 10 Function generator feeding the 1 KHz wave to the transmitter 
Figure 1l Toroidal core fluxgate connected to the data logger 
The sensor coils were connected to the data logger which was in turn 
connected to the pc. 
The drive turns (primary turns) were connected to a function generator to 
produce a change in flux. 
The signals were then recorded using 1 minute intervals of 100 samples per 
minute. 
The results for this experiment are illustrated and discussed in chapter 4, section 
4.1.1. 
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3.5 Experiment #2: Determining the optimum sensor orientation using the 
Anacom board 
Objective: the aim for this experiment was to determine the the best fluxgate 
positioning, for optimum sensing capability. 
The toroid was placed flat on 
the table as seen on the picture 
in the left. The hollow side of 
the toroid was facing up. The 
toroid is connected to the 
Anacom board which has a 
built in signal amplifier and 
filter. The transmitter is at the 
1.5m distance and transmitting 
at I MHz's 
The response has a lot of 
distortion and the wave 
received is unclear because of 
the noise. This shows that this 
position is not desirable for 
our detector design. 
Figure 12 Fluxgate horizontal orientation setup 
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The toriod was positioned in a 
vertical direction, with the inner 
hole facing the direction of the 
transmitter and the incoming signal. 
The response to this orientation 
showed a clear signal with the same 
amplitude as the input signal. This 
indicates that with this positioning 
method the noise is very low, hence 
the clear signal in observed. 
Figure 13 Fluxgate vertical orientation setup and response 
3.6 Experiment #3: Fabricating and testing a complete single Fluxgate unit 
Objective: The aim for this experiment was to produce a fluxgate and testing it for 
optimum results. 
i 
'+_. _. . 
Is ni " 
ic. 
The toroid seen above was 
manufactured using the ratio 
3: 7 for the windings. 
The complete single 
fluxgate was produced 
and tested in order to 
determine the optimum 
result (clear response). 
The Perspex material was used as 
means to hold the outer windings 
since it does not interfere with the 
cional 
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3.7 Experiment #4: Optimum angle positioning 
Objective: The aim for this experiment was to determine the most effective 
orientation and shape for our detector design. 
3.7.1 The side-by-sidefurgate orientation 
The 1S` part of experiment 4 was to position two fluxgates side-by-side to each other. 
Figure 14 On the above illustration we can see a 180 degree separation 
(side-by-side positioning). 
3.7.2 The decreased angle of orientation fluxgate setup 
The 2°d part of experiment 4 was to vary the positioning of the two fluxgates to 
determine the effect of the decreased angle of separation between the fluxgates. 
On the illustration above we observe a decreased separation angle between the 
fluxgates 
The results for these configurations are shown and discussed on chapter 4. 
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3.8 Experiment #5: Prototype fabrication and testing 
Objective : The aim for this experiment was to manufacture the final design 




Figure 15 Final prototype (hexagon shaped) 
On the final design as we see from figure 15, six fluxgates were used in a hexagon 
shape arrangement. This new detector was then tested in salt water as seen on figure 
16 bellow. The results and discussion on this test are illustrated on chapter 4. 
Figure 16 Underwater test of the detector conducted at the lab in a tank 
filled with salt water of 1.18 Qm conductivity. The detector and transmitter 
are placed 1.9 m apart and completely immersed in the salt water. 
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CHAPTER 4 
RESULTS AND DISCUSSION 
4.1 Results 
4.1.1 Experiment #1 results: optimum turn ratio determination 
Twk Run [_ I7 rlg'A 
DISCUSSION 
... i.... t ..... j... ...,... ... -ý... 
Figure 17 Input signal to the drive windings 










Figure 16 on the left is an input 
signal which serves as excitation for 
the drive windings. No transmission 
signal was sent at this point since 
the transmitter was off. Only the 
sensor was turned on. Figure 17 is 
the output response. It is clear that 
the graph takes the form of the input 
signal. It would be almost a perfect 
square wave if it was not for the 
distortions as we can see. These 
disturbances can be related to the 
frequencies in the surrounding 
environment. Which is the reason 
why our sensor will need shielding, 
as to divert these unwanted signals. 
Figure 18 Voltage response without transmission 
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Table 9 Sensor response with changing number of drive windings after the 
transmitter was turned on 
Number Voltage response vs. time Discussion 
of turns 
Poor signal clarity mY - Ch . nnel l 
01 with a lot of 




20 40 60 00 100 
Better signal clarity mY --- 
Channel, 
-0.12 
; with distortions still -014 




20 40 4 00 
-- d si nal I g mprove 
clarity. Distortions 
40 'VV still visible however. 
Much improved 
mV - Channel l 
-0.12: signal. At this point 
50 0.14j not much change 
o., s was experienced 
:: when the number of 
-0.2 




0 20 40 60 00 
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4.1.2 Experiment #3 results: Single flurgate test 
DISCUSSION: 
The fluxgate experiment was 
conducted using a single fluxgate 
sensor as seen on the picture 
illustration on the left. 
1iß' L, . ý_. ___ ý... <. 
f. th.. "C' `+'ý 
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Figure 19 Response at 300 KHz 
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Figure 20 Response at 340 KHz 
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Figure 21 Response at 400 KHz 
The maximum distance between 
the fluxgate and the transmitter 
was 2.5m. This maximum distance 
was chosen because it was 
observed that at distances 
exceeding 2.5m the fluxgate 
experienced more noise from the 
surroundings. 
As seen from the results of figure 
18 up to figure 24, the signal 
clarity starts to be sharp at around 
440 KHz to 460 KHz. However the 
detector starts to detect at about 
300 KHz. 
At this point we have established 
that a single fluxgate detector is not 
enough to lower the detector 
sensitivity down to 1 KHz as 
desired. It can only go as low as 
300 KHz. 
The rest of the results are 
illustrated on the next page. 
: ýý 
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Figure 24 Response at 450 KHz 
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Figure 25 Response at 460 KHz 
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4.1.3 Experiment #4 part 1 results: Side-by-side fluxgate orientation setup. 
DISCUSSION 
Different position configurations were 
used in order to establish an ultimate 
model. 
From these position configuration it was 
observed that, placing two fluxgates, 
side by side, connected in series does in 
deed result in a more improved wave 
form. As it can be seen on the picture 
illustration on the left, two fluxgates are 
placed side-by-side. 
The fluxgates which were used both had 
145 secondary turns and 62 primary 
turns. Their fabrication was based on the 
3: 7 ratios. 
From figure 25 to figure 30, it is evident 
that the sensor (consisting of two 
fluxgate units) starts to detect a signal as 
low as 280 KHz. And signal clarity 
starts at about 300 KHz to 400 KHz. 
181 
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Figure 26 response at 280kHZ 
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Figure 27 response at 300kHZ 
This is an improvement from the single 
fluxgate design. 
The rest of the results are illustrated on 
the next page. 
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Figure 28 response at 350kHZ 
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Figure 29 response at 370kHZ 
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Figure 31 response at 420kHZ 
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4.1.4 Experiment #4 part 2 results: Decreased separation angle fluxgate setup. 
r, ý"<. 
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Figure 32 Response at 200 KHz 
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Figure 33 Response at 250 KHz 
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Figure 34 Response at 260 KHz 
DISCUSSION 
From figure 31 to figure 37 it is 
evident that when the fluxgates are 
placed next to each other with their 
separation angle decreased, the output 
response is lowered even more. 
As it can be seen on the picture 
illustration on the left. There are two 
fluxgate units at an angle of 60 
degrees with each other. 
From this experiment we observed 
that the detector starts to detect the 
signal at frequencies as low as 200 
KHz. The signal starts to be clear at 
around 250 KHz up to 280 KHz. 
Figure 31 shows a sinusoidal signal 
but with a lot of noise. 
This means that we have successfully 
lowered the frequency at this point. 
However the main objective has not 
been met yet (which is to lower the 
frequency to about I KHz). 
The rest of the results have been 
illustrated on the next page. 
42 
Figure 35 Response at 270 KHz 
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Figure 36 Response at 280 KHz 
From these results, it is clear that 
our detector design will have to 
consist of more than two fluxgate 
units. And that these units must be 
at an angle with each other. 
It is through these observations that 
it was decided to design and 
fabricate a detector that consists of 
six fluxgate units in a hexagon 
orientation. 
The final prototype and test results 
of this new invention are illustrated 
and discussed on the next page. 
ý... ý. _.. , ý Aý C\ýý 1 -1.00ý11V1 }A= 
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Figure 37 Response at 290 KHz 
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Figure 38 Response at 300 KHz 
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4.2 EM wave detector complete schematic and underwater test results 
In section 3.8 (experiment 5), we tested the complete detector in salt-water. 
The salt water had 1.18 Om conductivity. These are the results from this experiment. 
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Figure 39 EM wave sensor full schematic 
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Figure 41 Underwater test results obtained via oscilloscope at frequencies 
lower than I KHz 
so. omvý 
From figure 40 we can see that the project's primary objective has been met since the 
detector was able to sense the signal at 1 KHz. This proves that our detector of 
hexagon shape is effective. Testing in salt water has also improved the results because 
of the increased conductivity. 
In figure 41 we see the behavior of the detector when a signal lower than I KHz is 
received. 
As we observed from experiment I and 2 that a single fluxgate was only most 
effective at a frequency of 1 MHz, and our new invention is effective at frequencies 
of I KHz and below because of the fluxgate orientation (hexagon), the optimum 
winding ratio (3: 7) and the filter implementation with quality factor 33.7. 
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CHAPTER 5. 
CONCLUSION AND RECOMMENDATIONS 
5.1 Conclusion 
I. The most effective turn ratio used was 3: 7; with 62 drive winding and 145 
sensor windings. 
2. The hexagon design proved most effective when tested against other 
orientations. 
3. The hexagon shape improved the sensitivity by up to 1000% as compared to 
using one fluxgate. 
4. The design is also easy to implement and easy to manipulate, each fluxgate on 
the detector can be dismantled to function alone or replaced. 
5. It is sensitive at frequencies as low as I KHz therefore can be used for seabed 
logging. 
6. The filter implementation resulted to our design having a quality factor of 
33.7 
7. The bandwidth is 30 Hz when incoming signal is at I KHz. 
8. The filter circuit uses the R7 resistor instead of the R4 resistor because it offers 
a stable amplitude on the output. 
5.2 Recommendations 
" For much improved efficiency our current hexagon detector can be designed 
to have a larger surface area. 
0 Nano- technology can be implemented on the detector. 
" Advanced shielding can be implemented to eliminate the external unwanted 
noise due to the uncontrollable environmental aspects. 
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SENSOR DETECTION RANGE 
(adapted from: "Seabed logging, a possible direct hydrocarbon detection for deep sea 
prospects using EM energy" by Prof Dr Noorhana Yahya; Universiti Teknologi 
Petronas. ) 
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APPENDIX B 







The LM741 series are general purpose operational amplifi- 
ers which feature improved performance over industry stan- 
dards like the LM709. They are direct, plug-in replacements 
for the 709C, LM201, MC1439 and 748 in most applications. 
The amplifiers offer many features which make their appli- 
cation nearly foolproof: overload protection on the input and 
Connection Diagrams 




INVERTING. D Uf 26 OUTPUT 
NON-INVERTING 'UT(3) W OFFSET NULL 
August 2000 
output, no latch-up when the common mode range is ex- 
ceeded, as well as freedom from oscillations. 
The LM741 C is identical to the LM741ILM741 A except that 
the LM741 C has their performance guaranteed over a 0'C to 
+70'C temperature range, instead of -55'C to +125'C. 
Features 
Dual-In-Line or S. O. Package 
OFFSET NULL - 
INVERTING INPUT - 
raH-NVfxTwc- 
NPUT 




Note 1: LM741H is available per JM3a5 1 0110101 
Order Number LM741 H, LM741 H/883 (Note 1), 
LM741 AH/883 or LM741CH 
















Order Number LM741W/883 








Order Number LM741J, LM741J/883, LM741CN 
See NS Package Number JO8A, M08A or NOSE 






0 2004 National Semiconductor Corporation DS009341 
www national corn 
Absolute Maximum Ratings (Note 2) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
(Note 7) 
LM741A LM741 LM741C 
Supply Voltage t22V t22V ±18V 
Power Dissipation (Note 3) 500 mW 500 mW 500 mW 
Differential Input Voltage ±30V ±30V t30V 
Input Voltage (Note 4) t15V ±15V ±15V 
Output Short Circuit Duration Continuous Continuous Continuous 
Operating Temperature Range -55'C to +125'C -55'C to +125'C 0'C to +70'C 
Storage Temperature Range -65'C to +150'C -65'C to +150'C -65'C to +150'C 
Junction Temperature 150'C 150'C 100'C 
Soldering Information 
N-Package (10 seconds) 260'C 260'C 260'C 
J- or H-Package (10 seconds) 300'C 300'C 300'C 
M-Package 
Vapor Phase (60 seconds) 215'C 215'C 215'C 
Infrared (15 seconds) 215'C 215'C 215'C 
See AN-450 'Surface Mounting Methods and Their Effect on Product Reliability" for other methods of 
soldering 
surface mount devices. 
ESD Tolerance (Note 8) 400V 400V 400V 
Electrical Characteristics (Note 5) 
Parameter Conditions LM741A LM741 LM741C Units 
Min Typ Max Min Typ Max Min Typ Max 
Input Offset Voltage TA = 25'C 
Rs !g 10 kII 1.0 5.0 2.0 6.0 mV 
RS s 5012 0.8 3.0 mV 
TAMIN 5 TA < TAMAX 
Rs<5012 4.0 mV 
Rs s 10 kt2 6.0 7.5 mV 
Average Input Offset 15 PV/'C 
Voltage Drift 
Input Offset Voltage TA = 25'C, Vs = ±20V ±10 t15 t15 mV 
Adjustment Range 
Input Offset Current TA = 25*C 3.0 30 20 200 20 200 nA 
TAMIN S TA S TAMAX 70 85 500 300 nA 
Average Input Offset 0.5 nA/C 
Current Drift 
- 
Input Bias Current TA = 25C 30 80 500 
- 
80 500 nA 
TAMIN s TA 5 TAmAx 0.210 1.5 0.8 pA 
Input Resistance TA = 25'C, Vs = ±20V 1.0 6.0 0.3 2.0 0.3 2.0 M12 
TAMIN s TA s TAMAX, 0.5 MS2 
Vs = ±20V 
Input Voltage Range TA = 25'C t12 t13 V 
TAMIN s TA 5 
TAMAx 
±12 t13 V 
www. national. com 2 
Electrical Characteristics (Note 5) (Continued) 
Parameter Conditions LM741A LM741 LM741C Units 
Min Typ Max Min Typ Max Min Typ Max 
Large Signal Voltage Gain TA = 25'C, RL z2 kit 
Vs = t20V, Vo = ±15V 50 V/mV 
V, = ±15V, Vo = ±10V 50 200 20 200 V/mV 
TAMIN S TA S TAMAX, 
RLý 2kn, 
VS = t20V, Vo = ±1 5V 32 V/mV 
Vs = ±15V, Vo = ±10V 25 15 V/mV 
Vs = tSV, Vo = t2V 10 V/mV 
Output Voltage Swing Vs = ±20V 
RL > 10 kil ±16 V 
RL>2kit ±15 V 
Vs = ±15V 
RL 2 10 kcl ±12 ±14 t12 ±14 V 
RL >2 kit ±10 ±13 t10 ±13 V 
Output Short Circuit TA = 25'C 10 25 35 25 25 mA 
Current TAMIN 5 TA 5 TAMAX 10 40 mA 
Common-Mode TAMIN s TA s TAMAX 
Rejection Ratio Rs s 10 kit, Vc,,,, = ±12V 70 90 70 90 dB 
Rs :5 5012, Vc, A = t12V 80 95 dB 
Supply Voltage Rejection TAMIN S TA S TAMAX, 
Ratio Vs = ±20V to VS = ±5V 
Rs s 5011 86 96 dB 
Rs <_ 10 kit 77 96 77 96 dB 
Transient Response TA = 25'C, Unity Gain 
Rise Time 0.25 0.8 0.3 0.3 Ns 
Overshoot 6.0 20 5 5 % 
Bandwidth (Note 6) TA = 25'C 0.437 1.5 MHz 
Slew Rate TA = 25'C, Unity Gain 0.3 0.7 0.5 0.5 V/µs 
Supply Current TA = 25'C 1.7 2.8 1.7 2.8 mA 
Power Consumption TA = 25'C 
Vs = t20V 80 150 mW 
Vs = t15V 50 85 50 85 mW 
LM741A Vs = t20V 
TA = TAMIN 165 mW 
TA = TAMAX 135 mW 
LM741 Vs = ±15V 
TA = TAMIN 60 100 mW 
TA = TAMAX 45 75 mW 
Note 2: 'Absolute Maximum Ratings' indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. 
9 www. national. com 
Electrical Characteristics (Note 5) (Continued) Note 3: for oporat, on at otovatod temperatures. those devices must be dorated based on thermal resistance, and Ti max. (listed under 'Absolute Maximum 
Ratings') Ti - TA + (CJA Pp) 
Thermal Resistance Cerdip (J) DIP (N) H08 (H) SO-8 (M) 
6,  (Junction to Ambient) 100'C/W 100'C/W 170'C/W 195"C/W 
u,, (Junction to Case) WA N/A 25'C/W N/A 
Note 4: For suppy voltages less than t15V, the absolute maximum input voltage is equal to the supply voltage. 
Note5: Unless otherwise specified, these specifications apply for Vs = *15V, -55'C s TA s *125'C (LM7411LM741A). For the LM741CJLM741E, those 
specifications are Witted to 0'C 5 TA s +70'C. 
Note 6: Calculated value from: BW (MHz) - 0.35/Rise Time(ps) 
Note 7: For miitary specifications see BETS7411( fa LM741 and RETS741AX for LM741A- 
Note 6: Human body model, 1.5 k11 in series with 100 pF. 
Schematic Diagram 
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Physical Dimensions inches (millimeters) 
unless otherwise noted 
0.350 -0.370 
(l. S90 -4.396? 
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Metal Can Package (H) 
Order Number LM741H, LM741H/883, LM741AH/883, LM741AH-MIL or LM741CH 
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued) 
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Ceramic Dual-In-Line Package (J) 
Order Number LM741J/883 
NS Package Number JOGA 
o. 76t1YAx 
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Dual-In-Line Package (N) 
Order Number LM741CN 
NS Package Number N08E 
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YIOA (arv r) 
10-Lead Ceramic Flatpak (W) 
Order Number LM741W/883, LM741WG-MPR or LM741WG/883 
NS Package Number W10A 
National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves 
the right at any time without notice to change said circuitry and specifications. 
For the most current product information visit us at www. national. com. 
LIFE SUPPORT POLICY 
NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS 
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR 
CORPORATION. As used herein: 
1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support 
which. (a) are intended for surgical implant into the body, or device or system whose failure to perform can be reasonably 
(b) support or sustain life, and whose failure to perform when expected to cause the failure of the fife support device or 
property used in accordance with instructions for use system, or to affect its safety or effectiveness. 
provided in the labeling, can be reasonably expected to result 
in a significant injury to the user. 
BANNED SUBSTANCE COMPLIANCE 
National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products Stewardship 
Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain no "Banned 
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SG S-THOMSON 30E D 
GENERAL-PURPOSE SINGLE OP-AMPs 
  LARGE INPUT VOLTAGE RANGE 
  NO LATCH-UP 
  HIGH GAIN 
  SHORT-CIRCUIT PROTECTION 
  NO FREQUENCY COMPENSATION 
REQUIRED 





The UA741 is a high performance monolithic ope- 
rational constructed on a single silicon chip. it Is In- 
tended for a We range of analog applications. 
Summing amplifier 
_ Voltage follower Integrator 
_ Active filter Function generator. 
The high gain and wide range of operating voltages 
provides superior performance integrator, summing 
amplifier, and general feedback applications. the In- 
ternal compensation network (6 dB/octave) insures 
lability In closed loop applications. 


































Range H J QC N 14 1) r 
UA741 C)E 0 °C"to + 70 °C " " " ' " 
UA7411 -40 °C to + 105 " " ' 
UA741M/A -55°C to+125°C " " " 
Note : HI-Rel Versions Available 








5- Inverting Input 
1- Offset null 5- Offset nuU 6- NC 
2- Inverting Input 8- Output 7- Non-Inverting Input 
3- Nan-inverting Input 7- V'cc 8- NC 



































9- Offset null 
10- Output 
ti-V'00 
1- NC 12- NC 
2- NC 13- NC 
3- Offset null 14- NC 
1/11 
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ABSOLUTE MAXIMUM RATINGS S6 S- THOMSON 30E D 
Value 
Symbol Parameter 
UA741 M, A UA7411 UA741 C, E 
Unit 
Vcc Supply Voltage ± 22 ± 22 ± 22 V 
Vi Input Voltage ± 15 ± 15 ± 15 V 
Vid Differential Input Voltage ± 30 ± 30 ± 30 V 
Ptoi Power DIssipation 500 500 500 mW 
Output Short-circuit Duration Infinite 
To er Operating Free-air Temperature Range - 55 to + 1251 - 40 to + 1051 0 to + 70 °C 
Tstg Storage Temperature Range - 65 to 150. 
j 
- 65 to 150 - 65 to 150 °C 
SCHEMATIC DIAGRAM 
Non-inverting input 















Case Offset Inverting Inverting VCe Vtc Output N. C. Null Input Input 
7099/DIPB/CERDIPB/SO8 1,5 2 3 4 7 68 
DIP14 3,9 4 5 6 11 10 ` 
LCC20 2.12 5 7 10 17. 15 
T0118, LCC20 : Other pins are not connected. 
2/11 
ý SCS"TMOMSON 7/ Mcm9u=r4*M 
Output 
1060 
. .... . b. _d I uuL- -. j 4U-1 I ,:. -j* 
ELECTRICAL CHARACTERISTICS SG S-T HOMSON 
UA741M/A: -55°C<Tamb: 5 +125°C, Vcct15 V 
UA7411 : -40gC<_TambS+-105°C, Vcc=±15V UA741 C/E :0 `aC -< Tamb 5+ 70 °C, Vcc = -115 V 
l(unless otherwise specified) 
T-79-05-T0 
UH! 't I 
30E D 
Symbol Parameter , E, I, M, A 
UA741C 
Unit 
Mln. Typ. Max. 
V10 Input Offset Voltage Rs s 10 kQ mV 
Tomb = 25 °C 1 5 
Tmin S Tomb 5 Tmax 6 
UA741E, A Tamb =25 °C 1 2 
Tmin 5 Tomb S Tmax 4 
lio Input Offset Current nA 
Tomb = 25 °C 2 20 
Tmin 5 Tamb <_ Tmax 40 
1113 Input Bias Current nA 
Tomb = 25 °C 10 100 
Tmin 5 Tomb 5 Tmax 200 
Avo Large Signal Voltage Gain V/mV 
(Vo=±10V, RL=2kf) 
Tomb = 25 °C 50 200 Tmin S Tomb 5 Tmax 25 
SVR Supply Voltage Rejection Ratio dB 
(Rs S 10 k! 2) 
Tomb = 25 °C 77 90 
Tmin 5 Tomb 5 Tmax 77 
, cc Supply Current, no Load mA 
Tomb = 25 °C 1.7 2.8 
Tmin 5 Tomb 5 Tmax 3.3 
V1 Input Voltage Range V 
Tamb = 25 °C -12 +12 
Tmin Tamb < Tma -12 + 12 
CMR Common Mode Rejection Ratio dB 
(Rs 5 10 ks1) 
Tomb 25 °C 70 90 
Tmtn S Tamb S Tmax 70 
los Output Short-circuit Current 10 25 40 mA Tamb = 25 °C 
t Vopp Output Voltage Swing V 
Tamb - 25 °C RL =10 kS2 12 14 
Rt. =2 k92 10 13 
Tmin 5 Tamb 5 Tmax Rt. = 10 k92 12 
Rt. = 2hn 10 
Svo Slow-rate (VI -± 10 V, RL =2 kf2 CL S 100 pF, 0.25 0.5 VIµs Tamb - 25 °C, unity gain) 
tr Rise Time his 
(VI=±20mV, A1=2kS2, CL_5100pF 0.3 
Tomb = 25 °C, unity gain) 
Kov Overshoot (VI -± 20 mV, Rt- =2W. CL 5 100 pF, % 
Tomb n 25 °C, unity gain) 
5 
Ri Input Resistance, Tamb = 25 °C 0.3 2 M92 
ý- SGS-TNOMSON 3111 
1061 
NMl ,ý =--elm -r-Jr--jc. 3r tiucmta. uu LJ 
ELECTRICAL CHARACTERISTICS (continued) 
Symbol Parameter UA741C, E, I, M, A U it 
Min. Typ. Max. n 
GPB Galn Bandwidth Product MHz 
(V1 1O mV, RL =2 k12, CL 5 10O pF f=100 kHz, 0.7 1 1.6 
Tamb = 25 °C) 
THD Total Harmonic Distortion % 
(f=1 kHz, Av-20dB, Ri, 2ki2, V0-2Vpp 0.06 
CLS100pF, Tamb=26°C) 
VN Equivalent Input Noise Voltage 23 nw4 (f=ikHz. Re=10012) 
Phase margin 5o Degrees 
SG S-THOMSON 




OPEN LOOP FREQUENCY RESPONSE (Typ. ) 
120 
100 
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45 65 05 105 125 
AMBIENT TEMPERATURE (°CI 
E88UA741-05 
INPUT COMMON MODE VOLTAGE 
RANGE 
-55°C ý Tamb ý'f 125°C 
1{1 15 





















to s+S ourc e 
tOS Sink 
-55 -35 -15 5 
HE D 















VCC = -E 15V 
° 
i0Ä 
C Tomb = +25 
RL = 2k(2 
Ri ic time CL = 100pF 
0 














SUPPLY VOLTAGE I±V) 
5 
25 45 65 85 105125 
AMBIENT TEMPERATURE (°C) 
E88 UA741.09 
1063 
-' d9ý f! C !C7f WUC.: 7G7. ui.. 















o, G 1 2 6 SO 
LOAD RESISTANCE (k(l) 
E88UA741-10 
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OUTPUT VOLTAGE SWING 
VCC3t15V 
RL 10k(2 
Tomb + 25°C 
MfTfIIf-lm IIH III 
IRMH 
1k 10k 100k im 
FREQUENCY {H&) 
E88UA741-11 
INPUT NOISE CURRENT 
VCC = ±15V 
Tomb ° +260C 
I Lt ftIIII', 
II ill 
; W! iU 1,4d 11 111 
MIIH 
IIL 
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AMBIENT TEMPERATURE (°C) 




GAIN BANDWIDTH PRODUCT vs AMBIENT 
TEMPERATURE 
?;; L 
POWER SUPPLY & COMMON MODE REJECTION 
RATIO vs AMBIENT TEMPERATURE 
120 
115 
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VOLTAGE OFFSET NULL CIRCUIT 
TOS@ 







-55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 
ESSUA741-17 
INPUT BIAS CURRENT v8 AMBIENT 
TEMPERATURE 
-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 
E88UA741-18 
SG S-THOMSON 30E D 
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MEASUREMENT DIAGRAMS (continued) 
CURRENT TO VOLTAGE CONVERTER 
POSITIVE VOLTAGE REFERENCE 
NEUTRALIZING INPUT CAPACITANCE TO OP- 
TIMIZE RESPONSE TIME 
NEGATIVE VOLTAGE REFERENCE 
M 7929237 UUd3bL3 5M 
PACKAGE MECHANICAL DATA 














14 PINS - PLASTIC DIP 
mm 
14 8 







(1) NomInal dimens! on 









PACKAGE MECHANICAL DATA (continued) 
8 PINS - PLASTIC DIP OR CERDIP :SG S- THOMSON 







_ý ý_ _ý . _1,27max. 
Datum 
Ty-Z9-05-r7 0 
(1) Nominal dimension 
(2) True geometrical position 
B Pins 
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T-79-05--10 
PACKAGE MECHANICAL DATA (continued) 
8 PINS -PLASTIC MICROPACKAGE {SO} S6S -- THOMSON 
mm 
e-=1.27-i 0 e e .. (ýs 
0185 















1.75 max. Id 
8 Pins 
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PACKAGE MECHAIIICAL DATA (cominygV) 
8 PINS- PLASTIC MICROPACKAGE (SO) S6 S-THOMSON HE D 
APPENDIX C 
TOROID INFORMATION SHEET 
Wý 
rIcMEj 
126 Product Specifications (Mn-Zn Ferrite) 
Type :T Cores 
Ordering Code: 
P4 'I'5.84*3.05* 1.52 HP GO 
_ý ý- ý_ -ý 
Material Core Size Coating Gapped AL Value 
VW app, 
Shupe: 
C: Epoxy Coating of Halogen4 rre tiC : Epoxy (bating of UL & Halogen 







  DIMENSIONS AND EFFECTIVE PARAMETERS 
nIDIrVS1oNS tmm) 
- __ --I PARYLENE COATING DIMENSIONS (mm)! 
EFFEC TIVE PARAMETERS 
CORES E C ü(mm-g lc(mm) At(mat') ý Ye(mull) Wt(fet) 
T5 8413A$i132 
3.8411LIS lOSY0.15 1.321U15 
e 59 13. % 2.12 29.61 0 142 5 84 10 15 3 05 30 15 15'_ a 0.15 
T58411.05 s i. 65 _5 
94 Y_015 3.03 3 0.15 3.03 -015_ ý 3.28 13.96 4.25 59.41 0.294 5 84 tO 14 3.03 0.15 3.05 1 D. 15 
T5,9512 Bx25 595 - 0.30 
1_ 2R0 ! 0_w 
- 
250 3 0. m 
_ 7 - 7.44 13 74 3.94 34.12 0.262 3.95 ' 0. w 2.80 3 0_30 250 + , 2U U 211 
6.0D 
- I 4.71 14.14 3w 42 41 (121 0 30 3O0 ! 030 u. m 
T6x3xJ MK) = 0.30 3.00 10 - 
30 WYU. m 1a 3 1x 14 4 SU 63 62 0 32 600 =0w on , 6.3Ö F 1 )31 13 . 20 
. . . . 
T6: 412.15 
ti 0U_ý U. 30 
6 _ 
4.00 ± 0.30 
_ ý 
215 t 0.20 7.31 15.71 2.15 33.70 U 17 
. o(1= 0.30 
(4 ö0 t ). 30 115 0a, 
T62212. Ih3.38 632 1 O_W - _ _2.80 _030 -- ý 
3.38.3 0.20 
- 245 14.16 5.77 81. A. 5 0.40 422 1 0311 28U L 0r J38 0.20 
T635x3.81x3.16 . 
6.35 3 O10 
_. 
191 t0 30 3.18 0.20 3.95 I3% 4 04 61.15 030 6.35 10 10 3.91 1 0.30 3.1 R 02U . 
T6.5x3.5i23 630w 3.50 r 0.25 ý 2_30 7 U20 4.35 13.70 43 3 54 17 0 27 6. SU ! 036 150 1 0.23 230 7 0.20 . . 
77 I x4Ax27 
zm-), ) 4.403 0. w 2.70+030 
. 7.10 i U, O aü) + 0.3U 2 70 t 030 
Q5 1806 1 3.65 66.00 062 
77.6213.18x4.6 762t0.15 _318_2 
0.15_ 
- _4801)15 -- I 59 I 1G% 66 10 18U 77 0 89 7 62 Y 0.15 T A 18 Y0 1S 4.80 Y 0-15 . . . . 
T81i412 -8 
00 2 0_Vl 
_l 
400 Y 0.20 2,00 - D. 20 
800Y0.30 4U00.7f) ) 21101O. m, 4 T1 IS. RS 4.00 75.40 037 
T8x414 
8.00 '_ 0.30 4.00 O. m 
_ - 
a. 00 1 O. JO 




4.500.20 4.00}O. w 
8.00 1 0.30 0,36 ý 4.50 0 20 4,00 10 2811 1963 . 744) 137. H 0.45 
T6 314A5 1514 
+ I R_ S U. 0,30 
- 
4. w t U 311 11, IfiS ) w 
. . 
. 8.1 5 1 0 
ic 30 4 30 i: 0 4 fK IÜ 
.-U. 





8.35 O 10 3: 0 I 4.16 0 20 
1.74 18.33 0.49 192.39 0.93 
7889 6114R3 
8.89=0.13 3.01035 4.93}U. 13 
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Gapped Torod SLcstOO> : SOmm - 1.. 00mm 
Hodr ---'0 ? 0crm - dAOmm 
003- 0 e(ºnm 
AL TckiirlQ -- AL 21 ()1i 
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  EI. F. (. 'IltlC. U.. CHARACI'ERLSTICS 
127 Pnýiu. t S x. iti. itx, tu (Sin 7n Fcnttci 
APPLICATIONS 
Power L)C-DCCon-crm 
Cnatpaa Power Transformer 
Small, L" Pro6k Power knducwn 
Tikeoat xDSI. paar-band Rlitaa 
Spihas 
EMI Inductor+ 
Fý i, ter Inductun w Nh Tight Tolerance 
AL ! 25% IaiL9Wl 
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PROJECT MILE STONES 
55 
Milestones for the Fyp 1 
No. Detail/ Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 Selection of Project Topic 
2 Preliminary Research Work 
3 Submission of Preliminary Report " 
4 Seminar 1 
5 Project Work '0 
aý 
6 Submission of Progress Report " 
al/ t4n 
7 Seminar 2 ' 
8 Project work continues 
9 Submission of Interim Report Final Draft " 
10 Oral Presentation " 
" Milestone 
Process 
Milestones for Fyp II 
No. Detail/ Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 Project Work Continue 
2 Submission of Progress Report 1 
3 Project Work Continue 
4 Submission of Progress Report 2 
5 Seminar 
5 Project work continue 
6 Poster Exhibition " 
7 Submission of Dissertation 
8 Oral Presentation 
9 Submission of Project Dissertation (Hard Bound) 
® Milestone 
LI Process 
